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Short Communication
Dietary Deoxynivalenol Exposure Assessment 
in University Students from Japan
Lei Xia1, Yoshiko Sugita-Konishi2, Yunyun Gong1, Michael Routledge3
1School of Food Science & Nutrition, University of Leeds, Leeds, UK
2Department of Food and Life Sciences, Azabu University, Japan
3School of Medicine, University of Leeds, Leeds, UK
This study was conducted to give a preliminary estimation of deoxynivalenol (DON) dietary exposure in Japanese university 
students (n = 30, aged 2225 years) using a biomarker approach and to examine the correlation between wheat food intake 
and DON exposure levels. Spot urine samples were collected from 30 students of Azabu University, Tokyo. Urine samples 
were treated with enzyme digestion (for total DON measurement) and without (for unconjugated DON analysis) before 
FOHDQXSXVLQJDQLPPXQRD൶QLW\FROXPQDQGDQDO\VLVXVLQJDQ/&06PHWKRGZLWKD13&15- DON internal standard used 
IRUDFFXUDWHTXDQWL¿FDWLRQ7KHOLPLWRIGHWHFWLRQIRUWKLVPHWKRGLVQJP/XULQH7KHJHRPHWULFPHDQ&,RI'21
FRQFHQWUDWLRQZDV±QJSHUP/XULQH1LQHW\RIWKHXULQHVDPSOHVKDGGHWHFWDEOHOHYHOVRIXULQDU\'21
The DON dietary intake exposure estimation suggested that one out of the 30 subjects had an intake of DON that exceeded 
-RLQW )$2:+2 ([SHUW &RPPLWWHH RQ )RRG $GGLWLYHV -(&)$ SURYLVLRQDO PD[LPXP WROHUDEOH GDLO\ LQWDNH 307',
OHYHO0HDQUDWLRRIIUHH'21WRWRWDO'21ZDVGHWHUPLQHGWREH:KHDWLQWDNHDVVHVVHGXVLQJDEDVLFIRRGIUHTXHQW
TXHVWLRQQDLUHPHWKRGGLGQRWVKRZDVLJQL¿FDQWFRUUHODWLRQZLWKWKHXULQDU\'21OHYHO
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Introduction
Deoxynivalenol (DON), produced by Fusarium gra-
minearum and Fusarium culmorum, is a common type B 
trichothecene mycotoxin which frequently contaminates 
wheat, barley, oats, maize and other grains, particularly in 
the global north temperate environment. Recently the Food 
6DIHW\&RPPLVVLRQRI-DSDQ)6&-UHSRUWHGWKHHVWLPDWHG
exposure in Japan is likely to be close to the provisional 
PD[LPXPWROHUDEOHGDLO\LQWDNH307',ȝJNJEZSHU
GD\IRU'21VHWE\WKH-RLQW)$2:+2([SHUW&RPPLW-
WHH RQ )RRG $GGLWLYHV -(&)$ SDUWLFXODUO\ LQ FKLOGUHQ
and highlighted the need for more human exposure and 
epidemiology data1). The major metabolites of DON in 
humans include DON-3-glucuronide (DON-3-GlcA), 
'21JOXFXURQLGH '21*OF$ DQG &GHHSR[\
GHR[\QLYDOHQRO '20 DQG DUH PDLQO\ H[FUHWHG YLD WKH
faeces and urine2,3). Due to the high and rapid excretion rate 
of DON through urine, urinary DON is the major biomarker 
for assessing DON exposure46). The conjugated form of 
DON is the predominant form of DON metabolites in urine 
DQGRQO\DERXWRIWKH'21PHWDEROLWHVH[LVWLQWKHXULQH
DV LWV IUHH IRUP (Q]\PH K\GURO\VLV GXULQJ WKH H[WUDFWLRQ
step has been proposed in order to increase the accuracy in 
)RRG6DIHW\&RPPLVVLRQ&DELQHW2൶FH*RYHUQPHQWRI-DSDQ
GRLIRRGVDIHW\IVFM
)RRG6DIHW\9RO1R±
5HFHLYHG0DUFK$FFHSWHG0D\3XEOLVKHGRQOLQH-XQH
&RUUHVSRQGLQJDXWKRU<XQ\XQ*RQJ5RRPD3DUNLQVRQ%XLOGLQJ6FKRRORI)RRG6FLHQFHDQG1XWULWLRQ8QLYHUVLW\RI/HHGV
/HHGV/6-78QLWHG.LQJGRPJRQJ#OHHGVDFXN
7KHFRQWHQWVRIWKLVDUWLFOHUHÀHFWVROHO\WKHYLHZRIWKHDXWKRUV
Abbreviations:&9FRH൶FLHQWRIYDULDWLRQ'21GHR[\QLYDOHQRO(',HVWLPDWHGGDLO\ LQWDNH ,6 LQWHUQDOVWDQGDUG/2' OLPLWRI
GHWHFWLRQ307',SURYLVLRQDOPD[LPXPWROHUDEOHGDLO\LQWDNH4&TXDOLW\FRQWURO
6XJJHVWHGFLWDWLRQ/HL;LD<RVKLNR6XJLWD.RQLVKL<XQ\XQ*RQJ0LFKDHO5RXWOHGJH'LHWDU\'HR[\QLYDOHQRO([SRVXUH$VVHVVPHQW
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determining DON levels in urine, which converts the conju-
gated DON back to its free form so that total urinary DON 
is measured to assess the exposure7). Total DON (extraction 
with enzyme digestion), free DON, DON-3-GlcA and DON-
15-GlcA are all suitable biomarkers for DON exposure as-
VHVVPHQWZKLOH'20VKRZHGDYHU\ORZFRQFHQWUDWLRQLQ
human urine samples815)7KHEHQH¿WRIXWLOL]LQJELRPDUNHU
measurement, compared to the traditional dietary exposure 
assessment, to assess the DON exposure is that this method 
FDQFRYHU'21H[SRVXUHWKURXJKGL൵HUHQWH[SRVXUHURXWHV
Materials and Methods
Study Population and Sample Collection
The present work is a pilot study involving university 
students from Tokyo, Japan who were potentially exposed 
to DON in their normal diet. The 30 university student 
participants provided their consent to be interviewed and 
SK\VLFDOO\ H[DPLQHG (WKLFDO DSSURYDO ZDV REWDLQHG IURP
Azabu University where the urine samples were collected. 
The spot urine samples were collected from all participants 
LQ-XO\ LQD ODEHOHGVWHULOHP/SRO\HWK\OHQHXULQH
collection container and kept in an ice box. All urine samples 
were then immediately transferred to be stored at the Azuba 
8QLYHUVLW\/DERUDWRU\DWí&$OOWKHVDPSOHVZHUHVHSD-
UDWHGWRWZRP/SRUWLRQVIUHH]HGULHGDQGWKHQVKLSSHG
ZLWKGU\LFHWR8QLYHUVLW\RI/HHGV8.E\DLUDQGVWRUHG
DWí&$PRQJWKHSDUWLFLSDQWVRIWKHPDUHPDOHV
and 12 of them are females, all aged between 22 and 25 years 
of age. The students were given a very brief dietary recall 
questionnaire. The questionnaire simply asked if the student 
KDGEUHDNIDVWOXQFKDIWHUQRRQWHDGLQQHURQWKHGD\EHIRUH
urine sample collection or not and how many wheat products 
they had consumed for each of those meals. The study was 
DSSURYHGE\WKH8QLYHUVLW\RI/HHGV0DWKHPDWLFVDQG3K\VL-
FDO6FLHQFHVDQG(QJLQHHULQJMRLQW)DFXOW\5HVHDUFK(WKLFV
&RPPLWWHH 0((& )5(& XQGHU WKH UHIHUHQFH QXPEHU
0((&  DQG $]DEX 8QLYHUVLW\ (WKLFV &RPPLWWHH
XQGHUWKHUHIHUHQFHQXPEHU
Chemicals and Materials
5HIHUHQFH PDWHULDO GHR[\QLYDOHQRO   DQG 13&15 
 GHR[\QLYDOHQRO  JP/ LQ DFHWRQLWULOH DQDO\WLFDO
VWDQGDUGZDVSXUFKDVHGIURP6LJPD$OGULFK3RROH8.
ȕJOXFXURQLGDVHIURPEscherichia coli) was also purchased 
IURP6LJPD$OGULFK3RROH8.IRUHQ]\PDWLFK\GURO\VLVRI
WKHXULQHVDPSOH$PPRQLXPIRUPDWHZDVREWDLQHG
IURP $FURV 2UJDQLFV *HHO %HOJLXP DQG IRUPLF DFLG 
ZDVSXUFKDVHGIURP6LJPD$OGULFK3RROH8.WKHVH
ZHUHXVHGIRUS+PRGL¿FDWLRQRIWKHOLTXLGFKURPDWRJUDSK\
/&PRELOH SKDVH0HWKDQRO +3/&JUDGHZDVSURYLGHG
E\)LVKHU6FLHQWL¿F/RXJKERURXJK8.DQG+3/&JUDGH
ZDWHU ZDV REWDLQHG XVLQJ D 0LOOLSRUH 'LUHFW470 water 
V\VWHP:DWIRUG8.
Sample Preparation
)UHH]HGULHGXULQHVDPSOHVZHUH¿UVWO\UHFRQVWLWXWHGZLWK
 P/ RI +3/& JUDGH ZDWHU OHDGLQJ WR [ PRUH FRQFHQ-
trated urine samples. The extraction method for total urinary 
DON analysis was described in detail elsewhere16). The 
UHFRQVWLWXWHGXULQHVDPSOHVRUVSLNHGTXDOLW\FRQWUROV4&V
DUHFHQWULIXJHGDWJIRUPLQXWHVDW& WR UHPRYH
WKH LPSXULWLHV 7ZR P/ RI WKH FHQWULIXJHG VDPSOHV ZHUH
DOLTXRWHG DQG WKH S+ RI WKH DOLTXRWV ZHUH DGMXVWHG WR S+
(DFKXULQHVDPSOHZDVVSLNHGZLWKQJP/RI13&15-
GHR[\QLYDOHQRODVWKHLQWHUQDOVWDQGDUG,67KHQP/RI
WKHVSLNHGXULQHVDPSOHVZHUHGLJHVWHGIRUKRXUVDW&
ZLWK JHQWO\ PL[LQJ XVLQJ  XQLWV RI ȕ JOXFXURQLGDVH
7KHHQ]\PHZDVUHPRYHGE\FHQWULIXJDWLRQDWJIRU
PLQXWHVDW&'LJHVWHGVDPSOHVZHUHGLOXWHGWRP/ZLWK
SKRVSKDWHEX൵HUHGVDOLQH3%6S+DQG'21ZDVLVR-
ODWHGXVLQJ'21WHVW:%LPPXQRD൶QLW\FROXPQV9LFDP
:DWHUWRZQ0$86$DVSHUPDQXIDFWXUHU¶V LQVWUXFWLRQV
'21ZDVHOXWHGIURPFROXPQVZLWKP/PHWKDQROGULHG
in vacuo DQG UHFRQVWLWXWHG LQ  / RI  HWKDQRO IRU
analysis.
Standard Solutions and Quality Controls
$VWRFNVROXWLRQRI'21JP/ZDVSUHSDUHGLQ
YYHWKDQRO7KLVVWRFNVROXWLRQZDVIXUWKHUGLOXWHGXVLQJ
HWKDQROWRPDNHWKHVWDQGDUGVROXWLRQVZLWKFRQFHQWUD-
WLRQVRIDQGQJP/(DFKRIWKH
VWDQGDUGVROXWLRQVZDVVSLNHGZLWKQJP/RI13&15-DON as 
,66LPLODUO\VSLNHGEODQNXULQHVDPSOHZLWK'21FRQFHQ-
WUDWLRQVRIQJP/ZHUHXVHGDVWKHORZPHGLXP
KLJKFRQFHQWUDWLRQ4&VDPSOHVDOVRVSLNHGZLWKQJP/RI
,6$OOWKHDERYHVROXWLRQVZHUHVWRUHGDWí&DQGZHUH
EURXJKWWRURRPWHPSHUDWXUHFD&EHIRUHXVH
Unknown samples were analyzed in 3 batches of 10 sam-
SOHV ZLWK WKUHH 4& VDPSOHV SHU EDWFK ORZPHGLXPKLJK
Four randomly selected samples from the 30 urine samples 
were re-extracted and analyzed for total DON content, and a 
FRH൶FLHQWRIYDULDWLRQ&9RIWKHRULJLQDODQGUHSHDWGDWD
for each re-run sample obtained. The repeated data were in 
JRRGDJUHHPHQWZLWKWKHGDWDREWDLQHGLQWKH¿UVWH[WUDFWLRQ
PHDQ&9&,±
HPLC-MS Conditions
/&ZDVSHUIRUPHGRQD/&$'+3/&VHSDUDWLRQV\VWHP
6KLPDG]X0LOWRQ.H\QHV8.ZLWKD*HPLQL&FROXPQ
;LD/, et al'LHWDU\'HR[\QLYDOHQRO([SRVXUH$VVHVVPHQWLQ8QLYHUVLW\6WXGHQWVIURP-DSDQ
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(110 Å, 4.6 x 250 mm, 5 µm particle size). The column was 
RSHUDWHG DW & 7KH VHSDUDWLRQ ZDV DFKLHYHG E\ HOXWLRQ
ZLWKDQLVRFUDWLFÀRZP/PLQZDWHUPHWKDQROYY
FRQWDLQLQJIRUPLFDFLG YYDQGP0DPPRQLXP
IRUPDWH  PLQXWHV )RU XULQH VDPSOH DQDO\VLV HDFK UXQ
DOVR LQFOXGHGDZDVK ZDWHUPHWKDQRO YYFRQWDLQLQJ
IRUPLFDFLG YY DQGP0DPPRQLXPIRUPDWH
PLQXWHV DQG D UHHTXLOLEUDWLRQ ZDWHU PHWKDQRO  YY
FRQWDLQLQJIRUPLFDFLG YYDQGP0DPPRQLXP
IRUPDWHPLQXWHV7KHVDPSOH LQMHFWLRQYROXPHZDV
/ XVLQJ DQ DXWRVDPSOHU V\VWHP PDLQWDLQHG DW DPELHQW
temperature.
$ /&06 VLQJOH TXDGUXSROH 6KLPDG]X 0LOWRQ
.H\QHV8.ZDVXVHGIRUPDVVVSHFWURPHWU\GHWHFWLRQ7KH
conditions for the positive electrospray were optimized as fol-
ORZV&RQHJDVQLWURJHQ/KGHVROYDWLRQJDVQLWURJHQ
/KGHVROYDWLRQWHPSHUDWXUH&VRXUFHWHPSHUDWXUH
&DQGLQWHUIDFHYROWDJHN96HOHFWLYHLRQUHFRUGLQJ
using the combined signal from the most dominant peaks 
for a) DON [major peak Na+'21P]@DQGIRUEWKH
,613&15-DON [major peak Na+13&15'21P]@ZHUH
used.
([WHUQDO VWDQGDUGV RI FRQFHQWUDWLRQV      
DQGQJP/VSLNHGZLWK,6QJP/ZHUHLQFOXGHG
DWWKHVWDUWRIHDFKEDWFKDQGDIXUWKHU,6RQO\VDPSOHZDV
LQFOXGHGDW WKHHQG8QNQRZQVDQG4&VZHUHDGMXVWHGIRU
UHFRYHU\XVLQJWKH,6)RUDOOFDOLEUDWLRQFXUYHV52 was > 
7KHOLPLWRIGHWHFWLRQ/2'ZDVHVWLPDWHGDWQJ
'21P/RIXULQH
Results
Urinary Biomarker Levels
The urinary biomarker levels are summarized in Table 1. 
2YHUDOOWKHJHRPHWULFPHDQ&,RI'21FRQFHQWUDWLRQ
ZDV±QJSHUP/XULQH1LQHW\SHUFHQWRIWKH
urine sample from this pilot study has detectable levels of 
urinary DON. Samples with urinary DON biomarker below 
/2'ZHUHDVVXPHGWRKDYHQJP/RI'21LHò/2'
/2'RIWKHGHWHFWLRQPHWKRG±QJP/
Free DON (fDON) and Total DON Ratio
The levels of fDON (i.e. unmetabolized DON) and total 
'21 ZHUH DQDO\]HG LQ D VXEVHW RI ¿YH XULQH VDPSOHV DQG
the ratio was calculated. Those samples were repeated for 
extraction without the enzyme digestion step in order to 
PHDVXUH WKH I'21 OHYHO 7KH PHDQ UDWLR ZDV  UDQJH
±7KHI'21'21OHYHOVLQWKHVXEVHWRI¿YHXULQH
VDPSOHVZLWK WKHKLJKHVW'21FRQFHQWUDWLRQVZHUH
The increasing trend in fDON is in agreement with the total 
DON increase. This part of the results is in agreement with 
the values reported elsewhere6).
Estimation of Dietary DON Intake
According to the literature6) WKH '21 LQWDNH LV VLJQL¿-
cantly correlated with urinary DON (p < 0.005). Therefore, 
exposure assessment in relation to regulatory recommenda-
tions was subsequently conducted based on the assumption 
WKDW 5) of the dietary intake of DON was excreted in 
XULQHWKHGDLO\YROXPHRIXULQHZDV/DQGWKHDYHUDJH
body weight was 60 kg±. The probable daily intake was 
FDOFXODWHGIRUHDFKVWXGHQWEDVHGRQWKH(TDQGZDVFRP-
SDUHGZLWKWKH307',RIQJNJEZGD\E\-(&)$
 
 
 
XULQDU\'21 QJP/ îYROXPHRIGDLO\XULQHH[FUHWLRQP/GD\
ERG\ZHLJKW NJEZ î'21XULQHH[FUHWLRQ rate
(T
Table 1 shows the urinary DON concentration and esti-
mated dietary DON exposure of the 30 university students. 
2YHUDOO WKH HVWLPDWHG JHRPHWULF PHDQ  &, RI '21
LQWDNHLV±QJNJEZGD\2QO\RQHRI
the sample suggests that the corresponding volunteer had a 
Table 1. 7RWDOXULQDU\'21FRQFHQWUDWLRQVQJP/DQG'21LQWDNHHVWLPDWHVQJNJEZGD\RIWKHXQLYHUVLW\VWXGHQWV
Urinary DON concentration Estimated DON intake
QJP/ QJNJEZGD\
Geometric mean (95% CI) 2.03 (1.64  6.87) ±
Maximum  1062.17
Minimum EHORZ/2' /2'
3RVLWLYHUDWH 

([FHHGLQJ307', 
JNJEZGD\ 

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KLJKHU'21LQWDNHWKDQ307',JNJEZGD\ZKLFKLV
RIWKHWRWDOVDPSOHVL]H7KHVHFRQGKLJKHVWH[SRVXUH
YDOXHLVQJNJEZGD\Fig. 1 shows the distribution 
of the estimated DON intake. The majority of the popula-
WLRQKDVD'21LQWDNHOHVVWKDQQJNJEZGD\ZKLFKLV
VLJQL¿FDQWO\ORZHUWKDQWKH307',
Correlation between Urinary DON Level and 
Wheat Intake
For the Japanese participants a possible correlation be-
tween last day wheat intakes and urinary DON levels were 
analyzed based on information provided in the dietary intake 
questionnaires. Due to the simple questionnaire provided, the 
last day wheat intake for each of the student was estimated as 
the wheat intake score: every wheat product consumed count 
as 1. The wheat intake score is the sum of the number of 
ZKHDWSURGXFWFRQVXPHGGXULQJHDFKPHDOEUHDNIDVWOXQFK
DIWHUQRRQWHDGLQQHUUDQJLQJIURPWRIRUWKHVWXGHQWV
as shown in Fig. 2. The wheat intake score was considered 
in Spearman correlation analysis together with the dietary 
'21H[SRVXUH OHYHOV&RQVXPSWLRQRIZKHDWSURGXFWVGLG
QRW VKRZ D VLJQL¿FDQW FRUUHODWLRQ ZLWK WKH XULQDU\ '21
level of the subjects (p 
Discussion
Urinary DON biomarkers have been shown to be a good 
indicator for DON exposure as they show a good correlation 
with food consumption especially with cereal, maize and 
wheat products815). According to the dietary recall survey, 
the major source for DON exposure for the Japanese uni-
versity students tested here was likely to be wheat products. 
+RZHYHU QR VLJQL¿FDQW FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ
the urinary DON level and wheat intake (p ,WVKRXOG
be noted that only the number of wheat products consumed 
by the participant was recorded in the dietary recall survey 
DQG WKH VDPSOH VL]HZDV VPDOO ,Q DGGLWLRQ RWKHU W\SHVRI
food products can also contribute to DON exposure and the 
level of DON or wheat composition can vary largely among 
foods that are marked as wheat products. Although most 
of the participants showed a very low level of DON in their 
XULQHWKHHVWLPDWHGGDLO\LQWDNH(',IRURQHVDPSOHZLWK
WKH KLJKHVW XULQDU\ '21 OHYHO VWLOO H[FHHGHG WKH 307',
which suggested that the DON exposure in the Japanese 
population may in some cases be high.
To put the detected urinary DON level in Japanese univer-
sity students into wider context, the average urinary DON 
concentration is compared to other biomonitoring studies 
in Asia. Food contamination by Fusarium fungi has been 
Fig. 1. 3HUFHQWDJHGLVWULEXWLRQRIWKHXQLYHUVLW\VWXGHQWVLQGL൵HUHQWGLHWDU\'21H[SRVXUHOHYHOV2QO\RQHRI
WKHVWXGHQWVKRZHGWKHOHYHOKLJKHUWKDQWKH307',
;LD/, et al'LHWDU\'HR[\QLYDOHQRO([SRVXUH$VVHVVPHQWLQ8QLYHUVLW\6WXGHQWVIURP-DSDQ
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IRXQGDFURVVWKHZRUOG+RZHYHUEDVHGRQWKHGL൵HUHQFHLQ
climatic factors (predominantly temperature and moisture) 
DV ZHOO DV GLHWDU\ KDELWV LQ GL൵HUHQW UHJLRQVFRXQWULHV WKH
distribution and prevalence of DON exposure are expected 
to vary among countries20,21).
Among the biomonitoring studies conducted in Asia for 
urinary DON biomarkers, the levels reported from a study 
FRQGXFWHGLQD³KLJKULVN´DUHDQJP/DQGD³ORZULVN´
DUHDQJP/LQ&KLQD22) were clearly higher than those 
REVHUYHGLQWKLVVWXG\+RZHYHUDPRUHUHFHQWVWXG\ZKLFK
measured the biomarker level in Shanghai women showed a 
YHU\VLPLODUUHVXOWDVWKLVVWXG\QJP/23)). Another two 
studies conducted in Bangladesh both reported very low lev-
HOVRIXULQDU\'21OHYHOLQWKHSDUWLFLSDQWVQJP/10)
QJP/12)). The consumption of wheat and maize in the 
Bangladesh population is much lower than other countries, 
the only source of DON exposure in the Bangladesh popula-
tion suggested by the authors to be from wheat and maize 
ÀRXUVXVHGWRPDNHEUHDG10).
,QFRQFOXVLRQWKHUHVXOWVRIRXUVWXG\VKRZHGDUHODWLYHO\
low level of DON exposure for the Japanese university stu-
dents. The high positive rate of detectable urinary DON lev-
HOVDQGWKHIDFWWKDWRQHVXEMHFWKDGWKH(',RI'21KLJKHU
WKDQWKH307',VWLOOLQGLFDWHWKDWUHGXFLQJWKHOHYHORI'21
exposure is of importance from a public health perspective. 
Further studies are also required to investigate the possible 
KHDOWKH൵HFWRIFKURQLFH[SRVXUHWRORZOHYHOVRI'21
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